JuLL (1951) suggested that the surgical introduction of a pellet containing a test chemical into the lumen of the mouse bladder might be useful for routine testing for carcinogenic activity. The method, it was thought, would possess the following advantages: (i) the chemical would be slowly eluted from the pellet and would therefore remain in contact with the bladder epithelium for a prolonged period; (ii) the metabolic processes of the liver, etc., would be by-passed, and (iii) the bladder would function under approximately normal conditions.
The chemicals investigated consist of aromatic amines and their derivatives, hydrocarbons and dyestuffs.
MATERIALS AND METHODS
Animals.-C57 x IF F1 hybrid mice were bred in the laboratory and maintained on Oxo Diet 41B and water, ad libitum. They were 10-12 weeks of age at the start of the experiment.
Bladder implantation was carried out by the method of Jull (1951) as modified by Allen et al. (1957) . Except where otherwise stated, the experiments were terminated at 40 weeks and the bladders prepared for histology in the usual way. The histological grading of the tumours was assessed by the criteria of Bonser and Jull (1956) . C1hemicals.-I-Methoxy-and 3-methoxy-2-acetamidofluorene were a gift from Dr. H. R. Gutmann (Minneapolis, U.S.A.); Blue VRS and Patent Blue V were a gift from Dr. A. Munn (Imperial Chemical Industries Ltd.); Oil Orange KB was from a sample presented to us, some 10 years ago, by Messrs. Pointing of Hexham. 1,2-Benzanthracene and 20-methyleholanthrene were purchased from KochLight, Ltd., Colnbrook, Bucks.
1-Phenylazo-2-naphthol was a chromatographically purified sample purchased from The British Drug Houses, Ltd., Poole, Dorset. 1,2-Naphthoquinone-4-sulphonic acid (sodium salt) and o-aminoazotoluene were purchased from the same source and used without further purification. N-Hydroxy-2-acetamidofluorene, N-hydroxy-4-acetamidodiphenyl and 2,5-dimethoxyphenylazo-2-naphthol were synthesised by standard procedures in the laboratory.
Chemicals were mixed with enough crushed paraffin wax to make a 12.5% suspension and compressed into pellets weighing 15-17 mg. Glass beads were of 4 mm. diameter and weighed approximately 100 mg.
RESULTS AND COMMENT
The survival of the implanted animals in these experiments was similar to that found previously. Of 1429 mice, 1177 (82.4 per cent) survived to 40 weeks of age. The mortality was randomly distributed among the different groups.
Two samples of paraffin wax were used. The first was the sample of crushed paraffin wax described by Bonser, Boyland, Busby, Clayson, Grover and Jull (1963) and, when implanted alone, gave tumour yields of 4-5 and 3-8 per cent in two experiments (Table I) . A further batch of paraffin wax was used after the previous sample was exhausted. This proved to be more carcinogenic causing 8-7 per cent of tumours in female mice but none in an equivalent group of male mice (Table II) .
The highest yield of tumours was obtained with a commercial sample of Oil Orange KB, which is made by coupling diazotised p-xylidine with 2-naphthol. In the first experiment, this induced carcinomas of the bladder epithelium in all but one of the 44 surviving animals. These carcinomas were more advanced than usual, 9 having spread to structures outside the bladder (Table I (Truhaut, 1962) .
Three aromatic amine derivatives were examined as relevant to the mode of action of their parent amines. N-Hydroxy-2-acetamidofluorene and N-hydroxy-4-acetamidodiphenyl failed to increase significantly the yield of carcinomas over that induced by paraffin wax alone. This is in keeping with the results of Boyland, Busby, Dukes, Grover and Manson (1964) with the latter chemical in cholesterol pellets. They and Bryan et al. (1964b) obtained a significant yield of carcinomas when N-hydroxy-2-acetamidofluorene was implanted in cholesterol. 1,2-Naphthoquinone-4-sulphonic acid (sodium salt) was investigated because it can combine with amino-groups in protein in a manner similar to the quinone-imines. Its lack of carcinogenicity in this test casts further doubt on the involvement of this type of molecule in aromatic amine carcinogenesis (Nagasawa and Gutmann, 1959) .
Neither 1-methoxy-nor 3-methoxy-2-acetamidofluorene induced a significant yield of tumours. As Gutmann, Galitski and Foley (1968) showed that the former compound was carcinogenic on oral administration, this is presumptive evidence that it must be metabolised before it exhibits carcinogenic activity. Commercial o-aminoazotoluene, however, induced significantly more tumours than the controls.
The incorporation of 20-methylcholanthrene at a level of 0.5 or 0 05 per ceilt in paraffin wax failed to increase the incidence of carcinomas to a statistically significant extent compared to the vehicle alone. On the other hand the weak hydrocarbon carcinogen, 1,2-benzanthracene, at a concentration of 12-5 per cent, induced a highly significant yield of carcinomas, none of which had penetrated through the bladder wall.
The use of glass beads (4 mm. diameter) instead of paraffin wax pellets as the implant led to 3 carcinomas in 37 surviving mice (8.1 per cent) in the C57 x IF mouse. Ball, Field, Roe and Walters (1964) used specially selected smooth and artificially roughened glass beads weighing between 40 and 50 mg. and obtained no carcinomas in 70 mice in the former case and one carcinoma in 67 mice in the latter.
Clayson, Lawson and Pringle (1967) commented on the observation that pellets of paraffin wax alone induced carcinomas in the bladder in female but not in male C57 x IF F1 hybrid mice. The result was not statistically significant on the number of animals employed. A number of male and female mice of the same hybrid were implanted, for another purpose, with paraffin wax pellets containing Oil Orange KB and were killed 61 weeks later. There were 6 carcinomas in the 9 surviving females but none in the 9 males (P -0 006). The influence of the sex of the mice on the development of bladder tumours has not been extensively investigated. The utility of the technique of bladder implantation Clayson (1966) analysed the results of the use of bladder implantatioin in different centres. Although there were two examples in which apparently similar conditions led to dissimilar results, the technique, otherwise, gave reproducible results. Known locally-active carcinogens, such as the polycyclic aromatic hydrocarbons, were carcinogenic on bladder implantation. Weakly active systemic carcinogens, such as the derivatives of I-phenylazo-2-naphthol, were more active on bladder implantation than systemically. Oil Orange KB, which was very weakly active on systemic administration to the mouse (Bonser, Clayson and Jull, 1956) , was highly active on bladder implantation, giving tumour yields of 98 and 65 per cent in two experiments.
It has been suggested that the results obtained by bladder implantation may be dependent on traces of carcinogenic polycylic hydrocarbons in the paraffin wax of the vehicle. Clayson and Pringle (1966) concluded that, when the vehicle was implanted alone, the induction of bladder epithelial cell turnover was more likely to be important in tumorigenesis than the possible presence of traces of extraneous carcinogens. This is supported by the observation that glass beads induce carcinomas. The results with 20-methylcholanthrene (0.5 per cent) and 1-phenylazo-2-naphthol separately or together indicate that subearcinogenic amounts of one carcinogen may enhance the tumour yield obtained with another.
The use of bladder implantation for routine testing of carcinogenic activity is complicated by two factors: the stability of the chemical in the pellet, and a lack of information about the transfer of the chemical from the pellet to the bladder epithelium. Irving, Gutmann and Larson (1963) demonstrated that 1-amino-2-naphthol hydrochloride was slowly altered when implanted in paraffin wax pellets into the mouse bladder. The transfer of the chemical from the pellet to the epithelium may occur by direct contact or by the diffusion of the chemical from the pellet into the urine and its subsequent uptake by the bladder. It has been shown (Bryan, Brown, Morris and Price, 1964 ) that different chemicals diffuse from the pellet at different rates and that certain substances pass easily through the bladder epithelium whether or not a pellet is present, but further information will be required before the behaviour of individual chemicals in these ways can confidently be predicted. Therefore, while a positive result on bladder implantation indicates carcinogenic activity by the chemical, a negative result is inconclusive unless it is demonstrated that the chemical reaches the epithelium. This means that considerable caution must be exercised before a comparison of the carcinogenicity of two or more chemicals is made by bladder implantation. It also offers a partial explanation of the different results obtained with the same chemical in different vehicles. The lack of carcinogenic activity of Blue VRS on bladder implantation may be due to an inability to permeate the bladder epithelium.
It is now apparent that the pellet in the lumen of the bladder induces hyperplasia and mitosis in the epithelium (Clayson and Pringle, 1966) . It has also been demonstrated that a bladder pellet enhances the yield of tumours induced by the systemic administration of 4-ethylsulphonylnaphthalene-1-sulphonamide (Clayson and Bonser, 1965) , xanthurenic acid-8-methyl ether (Bryan and Springberg, 1966) , 2-aminodiphenylene oxide (Clayson et al., 1967) (Weisburger, Grantham and Weisburger, 1964) or that the animals of one sex have succumbed to tumour formation in other tissues before bladder tumours have had time to develop (Clayson et al., 1967) . The present evidence suggests that sex may play a more direct part in the genesis of bladder tumours.
In summary, it is suggested that bladder implantation is a valid method of assessing carcinogenic activity although negative results cannot be accepted without a direct demonstration that the chemical has come into contact with the bladder epithelium. As the pellet stimulates the bladder epithelium, the technique is capable of demonstrating weak carcinogenic activity. SUMMARY 1. Pellets of paraffin wax alone induced 5 and 4 per cent carcinomas in separate experiments, while another sample of wax caused 9 per cent carcinomas in female but none in male mice. Glass beads induced 8 per cent carcinomas in female mice.
2. A commercial dyestuff, Oil Orange KB, induced more tumours than any other substance on bladder implantation. Other chemicals found to be carcinogenic were 2,5-dimethoxy-1-phenylazo-2-naphthol, 1 ,2-benzanthracene and a commercial sample of o-aminoazotoluene.
3. N-Hydroxy-2-acetamidofluorene, N-hydroxy-4-acetamidodiphenyl, 1,2-naphthoquinone-4-sulphonic acid (sodium salt), Blue VRS and Patent Blue V did not induce statistically significant yields of tumours.
4. 20-Methylcholanthrene (0.5 and 0.05 per cent) in pellets caused increased but not statistically significant yields of tumours compared to the controls.
The former concentration of 20-methylcholanthrene in conjunction with 1-phenvlazo-2-naphthol ( 12-5 per cent) induced more numerous and more advanced tumours than either chemical alone.
5. In a limited experiment it was shown that Oil Orange KB induced carcinomas when implanted into female but not into male mice.
6. The utility of the technique of bladder implantation was discussed in relation to its reproducibility, the significance of negative results and its ability to detect carcinogens of low activity.
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